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P9MOD: COKE RESISTANT TUBES/PIPES

►Reasons of development of this new material?

• Coking formation

» Coke formation is a severe problem. A progressive fouling of the internal walls of pyrolysis coil and 

on surface of quench exchanger takes place in service, due to presence of unsaturated species 

and depending on the operating conditions 

P9mod: coke resistant tubes/pipes 16 April, 2019
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P9MOD: COKE RESISTANT TUBES/PIPES

►Reasons of development of this new material?

• Explanation

• After several months: Presence of coke

P9mod: coke resistant tubes/pipes 16 April, 2019
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P9MOD: COKE RESISTANT TUBES/PIPES

►Reasons of development of this new material?

P9mod: coke resistant tubes/pipes 16 April, 2019
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P9MOD: COKE RESISTANT TUBES/PIPES

►Reasons of development of this new material? - Benchmarking

P9mod: coke resistant tubes/pipes 16 April, 2019

• Coking tests were done at the IFPEN (French 

Institute of Petroleum):

» Naptha + Hydrogen environment → coking environment 

(H2/HC > 4)

» Continuous recording of the mass gain:

– Mass gain = coking deposit

– Micrographic inspection

» Test duration: up to 18 h (maximal duration capable with 

this equipment)

» Tested temperature: 650°C and 700°C

– Below no material screening is possible as the coking is highly 

reduced

Ranking of our materials and other candidates 

in order to determine an optimized chemical 

composition
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P9MOD: COKE RESISTANT TUBES/PIPES

►Reasons of development of this new material? - Benchmark of steel grades

P9mod: coke resistant tubes/pipes 16 April, 2019

POSITIVE EFFECT IS ACHIEVED BY INCREASING Cr-ALLOYING CONTENT
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P9MOD: COKE RESISTANT TUBES/PIPES

►The aim is to develop material based on the Grade P9, modified to get improved 

anti-coking performances:  

• The following specifications have to be considered:

» Mechanical properties (toughness and tensile properties) in accordance with the P9 grade

» Martensitic microstructure with no delta ferrite to avoid issues during piercing

» Provided anti-coking performance

» Similar heat treatment as Grade P9

• ThermoCalc (®) and Schaeffler diagram:

» On Schaeffler diagram → close as possible to the martensitic domain

» On ThermoCalc (®) simulations, different points were controlled,

– austenite transformation temperature

– Phases formed during the heat treatment (nitrides, carbo-nitrides and/or carbides)

– Tempering conditions similar to Grade P9

P9mod: coke resistant tubes/pipes 16 April, 2019
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►Qualification tests results - Chemical composition (in wt%)

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

P9MOD MATERIAL IS A FULLY FERRITIC-MARTENSITIC STEEL

Fe C Si Mn P S Cu Cr Mo Ni Al N

P9 mod
min. 0.06 1 0.3 - - 0.45 7.9 0.76 0.43 0.005 0.01

max. 0.17 3 0.9 0.03 0.025 2.1 10.1 1.15 2.77 0.025 0.05

P9Mod: coke resistant tubes/pipes
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►What are the main modifications of the new chemistry vs. Grade P9?

• Silicon

» together with Chromium drastically reduce the coking rate

• Nickel

» is used to avoid delta ferrite (gamma-phase producing) formation and to improve toughness 

values

• Copper

» together with Silicon also reduces the coking rate

– If a weak zone appears on the oxide layer (cracks) then the catalytic effect of Iron will be reduced by the 

presence of Cu

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

P9Mod: coke resistant tubes/pipes
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►Qualification tests results - Hot tensile tests

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

P9MOD STEEL EXHIBITS INCREASED TENSILE PROPERTIES

P9Mod: coke resistant tubes/pipes
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►Qualification tests results - Hot tensile tests

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

P9MOD STEEL EXHIBITS INCREASED TENSILE PROPERTIES

P9Mod: coke resistant tubes/pipes
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►Qualification tests results - Creep performance

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019
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P9Mod: coke resistant tubes/pipes
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Gain of weight 

on P9  to P9Mod: 

Operational 

pressure 

calculated at 70% 

of material SMYS:

Weight reduction: P9Mod  vs. P9

Grade increase

WT reduction with same factor

From P9 To P9
To P9Mod

Wall thickness reduction α by increasing grade

Reduction α 0
-50,8%

Weight savings on 10m pipe :109 kgs

between 114,3x8,56mm in P9      to 114,3 x 4,21mm in P9Mod iP9Mod

for equivalent properties dedicated for high pressure piping system 

(hot rolling mill’s capabilities have to be considered)

114,3 x 8,56mm

in P9

114,3 x4,21 mm 

in P9Mod

WT 8,56mm 8,56mm
4,21 mm

Application with pipe OD = 114,3 mm

Linear weight of a 10m 

pipe (kg)
223kgs

114kgs

P9Mod: coke resistant tubes/pipes
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►Qualification tests results - Corrosion tests

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

DELAY COKING DEPOSIT PERFORMANCE IS MORE THAN x10

P9Mod: coke resistant tubes/pipes
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Coking level 

(5h) (g/m²)

P/T9 6.2 14.1 39.7

P9Mod 0.4 1.2 2.8
* Laboratory test results: thermogravimetry is  

used by IFPEN to follow the coking deposit
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P9Mod: coke resistant tubes/pipes
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►Laboratory test results - Thermogravimetric data

P9MOD EXHIBITS VERY LOW COKING RATES
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►Qualification tests results - Weldability

• Internal trials in Vallourec Research Center in Germany were performed with industrial 

equipments

• P9mod shows excellent weldability

• WPS is available

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

DELAY COKING DEPOSIT PERFORMANCE IS MORE THAN x10

P9Mod: coke resistant tubes/pipes
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►Qualification tests results - Bendability

► Industrial feasibility of elbows/fittings (90°,180°) has been demonstrated: 

• Mechanical properties and microstructure in accordance with base metal after heat 

treatment

P9Mod: coke resistant tubes/pipes

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019



18

►Standardization

• Product Patent pending

• VdTÜV data sheet (WB 588) obtained end of 2018

» 10 000h creep testing already performed 

» Mechanical testing achieved successfully 

» under TUV inspection  on industrial tubes 

» Welding testing in progress under TUV inspection

• ASME Code Case

» Program in progress with creep testing 

» Creep tests: 30,000 h on 3 different industrial heats

» Data package (mechanical testing, weldability, hot tensile testing, etc….)

» Main goal is to implement our new material in API 530

P9Mod: coke resistant tubes/pipes

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019
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►Field testing

• In progress within one visbreaker in Europe under SMA (Single Material Appraisal) 

approval: 

• Tubes have been installed one year ago and samples have been cut off for 

investigation

P9Mod: coke resistant tubes/pipes

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019
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►Tubes installed in the Visbreaker furnace

P9 tubes

Pass 1: 100% with P9 tubes installed

Pass 2: mix of P9 and P9mod tubes (16 P9mod tubes + 1 P9 tube)

P9mod tubes

Pass 1         Pass 2

P9Mod: coke resistant tubes/pipes

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019
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►Field testing inVisbreaker - After 1 year operation

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019
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P9Mod: coke resistant tubes/pipes
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►Field testing in Visbreaker - P9 steel after 1 year operation

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

P9 STEEL TENDS TO FORM LARGE PITTINGS

P9Mod: coke resistant tubes/pipes
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►Field testing in Visbreaker - P9 steel after 1 year operation

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

C Na Ca

SCrFeO

P9Mod: coke resistant tubes/pipes
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►Field testing in Visbreaker - P9mod steel after 1 year operation

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

P9MOD STEEL NO PRESENCE OF PITTINGS WAS OBSERVED

P9Mod: coke resistant tubes/pipes
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►Field testing in Visbreaker - P9mod steel after 1 year operation

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019

C Na Ca

SCrFeO

P9Mod: coke resistant tubes/pipes
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►Visbreaker - Weldability: after 1 year operation

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019
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Conclusions

• Decrease the fuel consumption by increasing the furnace thermal efficiency.

• Increase the reaction volumes/unit capacity which is normally declining due to tube 

obstruction

• Decrease the tube replacement by reducing wear due to regular pigging operations

• Decrease maintenance costs due to coke resistance effect: decrease frequency of 

maintenance stoppage

• Product can be used under SMA/PMA approval with specific testing according to 

standard used.

• Field testing very promising according to feedback of user 

• Standardization: VdTÜV data sheet obtained end of 2018. ASME code Case process in 

progress

• Highest mechanical properties as for P9: design issues (wall thickness reduction, better 

heat transfer), wearing resistance (pigging, maintenance)

• Field testing under higher temperature has to be done in order to check the efficiency of 

P9Mod: coil visbreaker instead of soaker visbreaker

P9mod: coke resistant tubes/pipes for refinery furnaces 16 April, 2019
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►Back up

Title of the presentation 16 April, 2019
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Oil Sands
• In situ recovery (hot water)

• Upgraders (H2S)

• Dilbit (abrasion)

Refineries

• High pressure

• High temperature

• Corrosive fluids (H2S, CO2)

• Wide range of viscosity

Topsides / FPSO
(Floating, Production, Storage and Offloading)

• High pressure

• High salinity water

• Corrosive fluids (H2S)

• Reinjection of CO2 (low temperature)

LNG trains / FLNG
(Liquified Natural Gas / Floating LNG)

• Low temperature solutions

• Weight / volume optimization

Petrochemicals
• High pressure

• High temperature

• Corrosive fluids (H2S, CO2)

Fired Heaters
• High temperature

• Coking

• Corrosive fluids (H2S)

Onshore Line Pipe 

•Stringent environments

• Bending

• Welding

EOR /Sour Gas Injection

• Corrosive fluids

• High pressure (up to 500 bar)

• Low temperature (depressurization) 

• Welding

WE PROVIDE SOLUTIONS FOR THE TOUGHEST CONDITIONS & 

ENVIRONMENTS

3

0

process linepipe
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Sales & services

Steel mills

Pipe mills

Finishing Facilities

Welding services-Serimax

Brazil

• 3/4’’ – 14’’VBR 

• 6’’ - 16’’VSB

Europe

• 3/8’’ - 59’’VLR  Mills (Fr & Ger)

• PTCT
• Finishing facility

Indonesia

North America

• 2’’3/8  - 10’’3/4Steel & Pipe mills 
Finishing facilities

,

• 1/2’’ - 30’’VLR  Fittings (Fr)

• Expanser
(Seongwha)

• 16’’ – 24’’

South Korea

• Forge (Changzhou): 11” –
47”

•Tianda Oil Pipe: 6” – 12”
China• VAM Onne

• Finishing facility
Nigeria

•VSA
• Finishing facility

KSA

3

1

Our footprint
Global & Local – Close to your needs !
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VALLOUREC: A PARTNER OF CHOICE

Operators / EPCs Distribution Partners

Customers in SA

Services

Here are some (but not all) of our partners … 

3

2

http://eng.daelim.co.kr/
http://www.bechtel.com/home.html
http://www.heurtey.com/
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Ma1WjtDU7R9b6M&tbnid=KRplHvRL6T1QcM:&ved=0CAUQjRw&url=http://www.jamaluddin.net/2010/12/career-with-technipm.html&ei=PHIKUf2GN4ndswb24oC4Cw&bvm=bv.41642243,d.bGE&psig=AFQjCNEsMcLZ-gDWlLgmPI2t1MYWf0XJLQ&ust=1359725499059382
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=X4qQXyqDJoHC1M&tbnid=xkZgd_xkh8ncnM:&ved=0CAUQjRw&url=http://voyager-cmx.eu/references/&ei=XnIKUYyaI8-OswaL-IGQAw&bvm=bv.41642243,d.bGE&psig=AFQjCNGmqbCxsAglP6I7BPoxQx3fiqQCeA&ust=1359725524344845
http://www.google.nl/url?sa=i&source=images&cd=&cad=rja&docid=aLJjLxgB5Df2qM&tbnid=ZjTmJ4aiBpABIM:&ved=0CAgQjRwwAA&url=http://www.automatiseringgids.nl/trefwoord/Shamoon&ei=u3IKUb37IoaChQf9voGoAQ&psig=AFQjCNF2Rp6pA6moOGLVNTGC4Zr9cjkR5w&ust=1359725627641353
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=NkbO1CYVMY3uCM&tbnid=TsuhzyoHsbp1uM:&ved=0CAUQjRw&url=http://www.2b1stconsulting.com/fluor-in-brief/&ei=oaYKUaqhAYfHswbW_ICICA&bvm=bv.41642243,d.ZG4&psig=AFQjCNHbvlNoKe8-P5Z0S1-k8CWsoNZCSw&ust=1359738910142344
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=jBbKd1o17EvxHM&tbnid=nHizzW3NnEzfNM:&ved=0CAUQjRw&url=http://www.justkuwait.net/find/gs-engineering-construction-co-ltd-14962.html&ei=0aYKUdG2KMXKtQbtqoGwBg&bvm=bv.41642243,d.ZG4&psig=AFQjCNFRwbLO3_HJlqR9RFkNyhuMK3i1lA&ust=1359738956374515
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=64BHB5R7UVdoqM&tbnid=6dkAMpBz2r-iJM:&ved=0CAUQjRw&url=http://www.gasketarabia.com/customer/sk-ec/&ei=9KYKUZn1C4rHtQa64IDQAw&bvm=bv.41642243,d.ZG4&psig=AFQjCNEltLW9eJS52ntwM5Y8rGmo7GkxNQ&ust=1359738990421908
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=M6z4Mj52gad1TM&tbnid=h8GMTvNiwzM63M:&ved=0CAUQjRw&url=http://www.axioma.nl/blogs/joost-junte/655/&ei=8yIVUd_ENaLV0QWQuICACQ&bvm=bv.42080656,d.d2k&psig=AFQjCNHYs3GBjUTWz_Mwx9FeTOG97Q6IUQ&ust=1360426096949003
http://cctfmtr.com/home
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=7De0CcC4ydtQXM&tbnid=DV42eqgJkQ4DIM:&ved=0CAUQjRw&url=http://www.hellotrade.com/trouvay-cauvin-holding-group-bsc/steam-condensate-products.html&ei=dqcKUd6ZN4-MswaNkIHQAw&bvm=bv.41642243,d.bGE&psig=AFQjCNEuGlKfSwjoFV6UKCT17dQa6pwscg&ust=1359739123107024
http://www.proclad.com/index.html
http://www.smlp.eu/english
http://www.shi.samsung.co.kr/eng/default.aspx
http://www.itp-interpipe.com/
http://www.distributionnow.com/
https://scorpionsmaa.wordpress.com/2010/07/09/thank-you-thank-you-thank-you/pop-c/
http://www.rare.co.za/
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WT< 90mm

WT < 120mm

WT < 270mm(150mm)

Zeithain

(Salzgitter)
Mülheim

Aulnoye

Plug Rath

Pilger Rath

Reisholz

Europe

3/8 – 4

1 - 7

7 - 16

6½ - 15

9 - 28

12 - 59

Belo

Horizonte
Belo

Horizonte
Jeceaba

Brazil 

3/4 - 7

5 - 14

6 - 16

China WT < 120mmChangzhou

Tianda 6 - 12

9 - 28

Brazil and China : two competitive routes for international 
markets

3

3

A FULL RANGE OFFER OF GRADES AND SIZES


